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(54) Method for readout at a stimulable phosphor screen 


(57) Method for readout of a radiation image stored 


version means (13) during at least one readout time 


in a stored energy releasing phosphor comprising the 


period, 
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steps of : 



stimulating the stimulable phosphor plate (1) with 
stimulating light (3) during at least one stimulation 
time period causing the stimulable phosphor sheet 
to emit stimulated light , 

detecting the stimulated light emitted by the stimu- 
lable phosphor plate by use of a photoelectric con- 



- converting the detected stimulated light into the 
electrical signal representation. 

the method is characterised in that at least one of the 
readout time periods lies at least partially outside one of 
said stimulation time period(s). 

In a preferred embodiment stimulating and readout 
periods do not overlap while a pulsed light source is 
used for stimulation. 




Fig.1. 
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Description 

FIELD OF THE IMVENTION 

The presem invention is in the field ol digital radi- 
ography and more specifically relates to a method for 
readout of an image stored in a stinulabie phosphor 
plate. 

BACKGROUND OF THE INVENTION 

In radiography the interior of objects is reproduced 
by means of penetrating radiation v/hich is high energy 
radiation also known as ionizing radiation belonging to 
the class of X-rays, gamma-rays and high-energy ele- 
mentary particle radiation e.g. beta-rays, electron beam 
or neutron radiation. For the conversion of penetrating 
radiation into visible light and/or ultraviolet radiation lu- 
minescent substances called phosphors are used. 

In a conventional radiographic system an X-ray ra- 
diograph is obtained by X-rays transmitted imagewise 
through an object and which are converted into light of 
corresponding intensity in a so-called intensifying 
screen (X-ray conversion screen) wherein phosphor 
particles absorb the transmitted X-rays and convert 
them into visible light and/or ultraviolet radiation to 
which a photographic film is more sensiiiva than to the 
direct impact o1 X-rays. 

In practice the light emitted imagewise by said 
screen Irradiates a contacting photographic silver hatide 
emulsion layer film which after exposure is developed 
to form therein a silver image in conformity with the X- 
ray Image. 

More recently as described e.g. in US-F 5 3,859,527 
an X-ray recording system has been developed wherein 
photostimulable storage phosphors are used having in 
addition to their ^mediate light emission (prompt emis- 
sion) on X-ray irradiation the property to store temporar- 
ily a large pari o* the X-ray energy. Said energy is set 
free by photostimulatbn in the form cl fluorescent light 
different in wavelength from the light used in the photo- 
stimulation. In said X-ray recording system the stimulat- 
ed light emitted on photostimulatbn is detected photo- 
eiectrically and transformed into sequential electrical 
signals. 

The typical basic constituents ct such X-ray imaging 
system operating with a photostimulable storage phos- 
phor are an Imaging sensor containing said phosphor in 
particulate form normally In a plate or panel, which tem- 
porarily stores the X-ray energy pattern, a light source 
( e.g. a scanning laser beam} for photostimulation, a 
photo-electronic light detector providing analogue sig- 
nals that are converted subsequently into digital time- 
series signals, normally a digital image processor which 
manipulates the image digitally, a signal recorder, e.g. 
magnetic disk or tape, and an image r score er for mod- 
ulated light exposure of a photographic film or an elec- 
tronic signal display unit, e.g. cathode-ray tube. A sur- 



vey of lasers useful in the read-out of pnotostimulable 
latent fluorescent images is given in the periodical Re- 
search Disclosure December 1989, item 303117, 
As described in published EP-A 0 007 105 in order 
£ to obtain a high signal to noise ratio (S/N) the stimulating 
rays must be prevented from entering the detection 
means ol the stimulated fluorescent light emitted by the 
phosphor because the ratio of the energy of stimulating 
light to the energy ol said fluorescent light emitted on 
10 photostimulation is as high as 1 0 4 : 1 to 1 0 6 : 1 so that the 
detection means which is also sensible to the wave- 
length of the stimulating light will be blinded by the over- 
whelming power of the stimulating light (laser light), this 
light will make it impossible to obtain a noise free fiuo- 
15 rescent light image. In order to improve the S/N ratio it 
has been proposed to use a filter which cuts the light 
having wavelengths outside the emission spectrum o1 
the phosphor. Such can be done sufficiently effectively 
with cut-off or band pass colour filters or holographic Rl- 
20 ters known in the art when the maximum wavelength of 
the spectrum of the fluorescent light emission and the 
wavelength of the stimulating light are sufficiently sep- 
arated. Therefore the use of certain phosphors in the 
storage plate is restricted to combinations with certain 
ss stimulating light sources. Moreover certain kinds of 
phosphors can not be used at all because stimulation 
wavelength and stimulated light wavelength of the phos- 
phor are not sufficiently separated so no adequate col- 
our filter can be provided to separate the wavelengths, 
w Additional problems arise in combination with a re- 
adout system which uses spot scanning exposure of the 
phosphor plate. Each pixel is stimulated subsequently 
by the scanning system. Light collecting optics and pho- 
todetector measure the light emitted by each pixel. 
35 When stimulated, the storage phosphors exhibit a cer- 
tain afterglow so that emission of stimulatea light is still 
present when the following pixel is stimulated. Therefore 
a part of the fluorescence makes a contribution to the 
signal levei of the following pixel. This results in a so 
40 called flare phenomenon whereby bright spots exhibit- 
ing a bright fluorescence tend to smear and mask image 
signa's of low fluorescent pixels following these spots 
which is a cause of a degraded image quality. 

Orher systems lor readout of a stimulable phosphor 
45 plate do not use a scanning laser beam for photostimu- 
lation. Such a system is described in EP-A 167 747. Tne 
radiation read-out apparatus comprises a stimulating 
ray source constituted by many point light sources for 
sequentially emitting stimulating rays onto a portion of 
so a stimulable phosphor sheet carrying a radiation image 
stored therein. A line sensor constituted by many solid 
state photoelectric conversion devices extends over the 
length of the portion of the stimulable phosphor sheet 
linearly exposed to the stimulating rays. Light emitted 
55 by the exposed portion of the stimulable phosphor sheet 
Is received and photoelectrical^ converted by the solid 
state photoelectric conversion devices. The stimulating 
ray source and the line sensor are moved with respect 
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to the stimulable phosphor sheet In a main scanning di- 
rection normal to the array of the solid state photoelec- 
tric conversion devices thus swooping the entire phos- 
phor sheet. 

In this type of device the same problems arise in 
obtaining a good signal to noise ratio, in order to obtain 
a sharp image, a close contact between the phosphor 
sheet and the photoelectric conversion devices is nec- 
essary. On the other hand it Is necessary to prevent the 
stimulating light from reaching the photoelectric conver- 
sion devices. Therelore one has to include a colour filter 
in between the phosphor sheet and the detector array. 
It is physical impossible to luffil both needs at the same 
time In a satisfying manner. A thin filter results in a high 
sharpness but allows too much of the stimulating light 
to reach the detector elements while a thick filter pro- 
vides good filtering but due to the enhanced distance 
from the phosphor to the detector the sharpness is de- 
graded due to flare phenomena because the tight from 
neighbouring pixels can reach the detector elements. 

As in the laser scanner system the application of 
this readout metnod is restricted to certain phosphors/ 
light source combinations and l ; kewise certain phos- 
phors cannot be used at all. 

The same restrictions apply to a readout system 
where a whole area of the phosphor sheet is stimulated 
at the same time and readout is done using a matrix im- 
age sensor such as a two-dimensional CCD. 

OBJECTS OF THE INVENTION 

It is an object of the invention to provide a method 
for readout of a stored energy releasing phosphor plate 
having a high signal to noise ratio and enabling the use 
of various phosphors and stimulating light sources. 

Further objects will become apparent from the de- 
scription hereafter. 

SUMMARY OF THE INVENTION 

To achieve the above object, the present invention 
provides a method of obtaining an electrical represen- 
tation of a radiation image comprising the steps of : 

- exposing a stimulable phosphor plate comprising a 
stimulable phosphor, having a stimulating wave- 
length range, to the radiation image, thereby re- 
cording the radiation image on the phosphor piate t 

• stimulating the stimulable phosphor plate with stim- 
ulating light having a wavelength within the stimu- 
lating wavelength range of the stimulabls phosphor 
during at least one stimulating time period causing 
the stimuiable phosphor sheet to emit stimulated 
light , 

- detecting the stimulated light emitted by the stimu- 
lable phosphor plate by use of a photoelectric con- 
version means during at least one readout time pe- 
riod, 
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- converting the detected stimulated light into the 
electrical signal representation, 

characterised in that at least one cf the readout time pe- 

£ hods lies at least partially outside the stimulation time 
period(s) at which the stimu lable phosphor sheet is stim- 
ulated by the stimulating light. 

This method is advantageous ir. that during parts of 
the readout periods which lie outside the predetermined 

JO stimulation periods, no stimulated light is present so 
there is no adverse effect on the readout signal. In this 
way a higher signal to noise ratio can be obtained. 

In a preferred embodiment of this method at least 
one of the readout time period(s) at which the photoe- 
lectric conversion means detects the stimulated light lies 
totally outside the stimulation time periods. 

It is even more advantageous that all the stimulation 
periods and readout perbds are totally separated. As 
the photoelectric conversion means detect only stimu - 

m lated light during the readout periods, the characteristics 
of the stimulating light no longer affect the readout sig- 
nal. When using this so called time resoiving mode, 
phosphors can be used which could not be used before. 
Even phosphors where the stimulating wavelength lies 

£S within the emission spectrum of the phosphor can be 
used. The invention also allows the use of certain phos- 
phor and light source combinations which could not be 
used before. 

Because no stimulating light is present during readout 
so there Is no need to use color filters devices or holograph- 
ic filters to prevent th9 stimulating light reaching the de- 
tector. Therefor it is possible to put the readout detector 
In very close contact with the phosphor plate. This re- 
sults in a further enhancement in sharpness and reduc- 
es tlon of flare phenomena. 

It Is advantageous that the method provides stimu- 
lation of the stimulable phosphor plate using puised 
light. 

In one of the embodiments ol the invention one 
43 stimulating light pulse is given in the beginning of the 
readout cycle for the given pixel.lina or area. After the 
stimulation light pulse has ended, detection of the stim- 
ulated light is started. 

After th is period a new pixel, line or area of the pilos- 
es phor is subjected to trie readout cycle. 

A further advantage of the time resolved method is 
less flare problems because even if the fluorescence of 
the previous pixel, line or area has not completely ended 
there is no adverse effect on the following pixel, line or 
50 area because during the stimulating pulse no fluores- 
cence is measured. 

When during the readout penod of one pixel, fine or 
area several stimulation pulses and readout periods are 
provided, the individual light pulses may have a lower 
« energy level and still provide the stimulating energy re- 
quired 'or image readout. This allows the use of light 
sources only capable of such low energy pulses. This 
provides a further advantage of the readout method 
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In an embodiment the method uses a laser scanner 
for providing said stimulation of the phosphor plate for 
readout. 

Another embodiment the detection of the stimulated 
light is done using a ;ine sensor. 

In a further embodiment of the method the detection 
of the stimulated llgh: is done using a two dimensional 
matrix sensor, 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. t shows a laser scanner capable of using the 
method according to the invention. 
Fig. 2A shows the a first time diagram of the stim- 
ulation and fluorescence during the readout cycle. 
Fig. 2B shows a second time diagram of the stim- 
ulation and fluorescence during the readout cycle. 
Fig. 3 shows a readout arrangement using a line 
sensor. 

Fig. 4 depicts a readout arrangement using a two- 
dimensional matrix sensor. 

DETAILED DESCRIPTION OF THE INVENTION 

In Figure 1. a stimulable phosphor sheet read-out 
station wherein a readout method according to the 
present invention can bs applied is shown. 

After a stimulable phosphor sheet 1 is exposed to 
radiation, such as to X-rays, passing through an object 
to have a raaiatlor. image stored thereon, it Is ted into 
the read-out station. 

A laser beam 3. having a wavelength of 633 nm, 
emitted from a helium-neon laser source 2, is directed 
towards a galvanometer mirror 8. Drive means 6 cause 
the galvanometer mirror 8 to reciprocate in a triangular 
wave pattern. A light chopper 4. Including a rotating disc 
segment 5, is positioned to enable the disc segment 5 
to Interrupt the laser beam pathway 3 during the galva- 
nometer retrace step. The disc segment 5 is made lor 
example of aluminium-coated glass having a light trans- 
missivity of 1 % at 633 nm wavelength. The disc segment 
5 represents 72° of a circle, to match that proportion of 
the scanning cycle represented by the retrace step. 

Various laser beam focusing devices, known In the 
art, not 3hown in the d'Bwings, may be applied ensuring 
a uniform beam diameter during scanning of the beam 
on the phosphor sheet 1 and aiso ensuring that the uni- 
form angularveiocity of the reciprocating mirror 8 results 
in the laser spot travelling across the phosphor sheet 1 
at a uniform linear speed. The laser beam 3 Is one-di- 
mensionaiiy deflected by th9 galvanometer mirror 8 and 
by a plane reflection mirror 9 onto the phosphor sheet 
1 . The arrangement is such that a spot of laser light, 
having a ful! width a: half maximum of 60 jum scans the 
phosphor sheet at a main scanning speed of 35 m/sec. 
and a retrace speed of 300 m/sec. Transport means not 
shown are provided to t'an6pcrt the sheet at a uniform 
speed of 12.5 mm/sec in the direction of the arrow 11, 



to enable the whole sheet to be scanned in a uniform 
manner. 

Positioned close to, but behind the scanning line ol 
the laser oeam on the pnospnor sheet 1 , is a light guide 

s 12 which receives light emitted from the phosphor sheet 
1 but is shielded from direct exposure to the laser beam. 
The output end of the light guide 12 is positioned adja- 
cent a ohoto-detector 13, which produces an electrical 
signal oependent upon the ilght Intensity falling thereon. 

to In order to detect the low intensity fluorescence a pho- 
tomuttiplier is used as photo-detector 13. 

Suitable electrical connections are made to pass 
the output signal from the photo-detector 1 3 to a com- 
puter 20, processing the output signal, controlling the 

'5 light chopper 4 and the galvanometer mirror drive 6 and 
which Is additional ly connected to a d Isplay unit 2 1 , such 
as a VDU screen. Alternatively or additionally the output 
of the computer 20 is used to produce a permanent 
record of the raster Image. 

M Further description is given in accordance with Fig. 
2A showing a time diagram of a readout cycle. 

According to the present Invention readout of the 
stimulable phosphor sheet is done in a time resolved 
mode, i.e. during the readout time Ti for each image pix- 

£5 el (determined by the duty cycle which may be about 4 
to 5 us) a stimulating Eight pulse Pi is given by the scan- 
ning laser beam to the pixel location during a predeter- 
mined short time period t to (e.g.O.Sns - 1ns) in relation 
to the response of the decay time of the phosphor. 

so A light pulse can be obtained In very different ways. 
This can be done using a continuous light source which 
is chopped or which is modulated using an electro-op- 
tical light modulator. In other embodiments use can be 
made of pulsed light sources. Certain laser sources in 

35 particular are very suited lor pulsed operation For ex- 
ample a semiconductor laser or led light source can be 
pulsed directly by modulating the electric current. Other 
lasers such as the Argon and Krypton lasers can also 
be modulated with an acousto-optic modulator. The 

40 pulse time ol the frequency doubled Nd.YAG laser is 
preferably in the range of 1% to 30% of the decay time 
of the phosphor luminescence. The time between two 
pulses is preferably in the range of 1 to 3 times the decay 
time of the phosphor luminescence. 

« During stimulation of the phosphor, fluorescence fi 
is build-up in accordance with the image content while 
it dfminishas till zero when stimulation is stopped. Fluo- 
rescence is detected during time period t, r using above 
mentioned light guide and phcto-detector system. 

&> In this first embodiment only output signals of in- 
duced fluorescence detected in oeriod t ir falling outside 
the stimulation period are kept as valid readout values. 
This can be done by making the detection circuit insen- 
sitive during light pulses. It is possible to switch off the 

w high voltage source of the electron multiplier circuit. 
When the detection circuit is not switched off. the output 
signal receiveo oy the photomulnpller during stimulation 
can be discarded by the signal processing unit. 
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In either way it is impossible for the stimulating light to 
influence the final image obtained by the computer. 

It is clear that stimulation light and stimulated light 
need net to be separated by use of a optical filter, but in 
fact they are separated in time making the use of an op- 
tical filter obsolete. 

By using this readout method a part (e.g, about 20%) of 
the duty cycle reserved for each pixel is lost tor readout 
however the readout efficiency Is much higher by leav- 
ing out the optical filter and the signal to noise ratio is 
high due to absence of stimulating light during signal re- 
adout. The 20% loss in readout time causes no great 
6ignal loss because the contribution of the fluorescence 
which could be detected during stimulation f| g is very 
small compared to the amount of . fluorescence f )r 
present after the stimulation pulse . When using very in- 
tense short ilght pulses the fluorescence emitted during 
stimulation can be neglected compared to the measured 
fluorescence during the following readout period, A time 
diagram of the fluorescence using such a short light 
pulse is given in Fig. 2B 

It Is clear that this time resolving method provides 
a further advantage because the phosphor can be stim- 
ulated with light having wavelengths shorter, ciose or 
equal to the wavelengths of the emitted light even if no 
optical filter can be found to separate them. It is even 
possible to use stimulating light sources which lie within 
the stimulated light 9pectrum of the phosphor in use. 
Therefore it is possible to use phosphors, which have 
favourable characteristics, that could not be U6ed be- 
fore. 

Loss in absolute readout period due to the use of 
the time resolved mode can be compensated by using 
a brighter light source causing a stronger fluorescence. 

Normally a single light pulse Is given fc each pixel 
during a readout cycle but depending upon the charac- 
teristics of the phosphor used in the phosphor plate it is 
possible to give successive light pulses while valid sig- 
nal values are detected in between the pulses. A advan- 
tage of this method is that lasers can be used which are 
only capable of low energy pulses. After each low ener- 
gy pulse only a small portion of the fluorescence is re- 
teased and measured while during the readout time of 
one pixel several pulse/readout operation are executed. 
The values obtained during the different readout periods 
for each pixel can be processed to obtain a single value 
for each pixel. This can be done by the processing unit 
by simply adding the different readout values. Other sig- 
nal processing systems known in the art can be used, 
such an other system makes use of e.g. averaging. 

It can be understood that a laser scanner can also 
use other deflection systems such as a polygon mirror 
or eiectro-cptical device to- the purpose of light deflec- 
tion. When using a rotating polygon mirror there is no 
need to use a light chopper with rotating disc segment 
because in a polygon scanning system there is no re- 
trace of the scanning beam. 

As can be understood it is not necessary for th9 
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stimulation and readout period to be totally separated in 
time. When the stimulation period slightly overlaps the 
readout period the advantage of less stimulation light 
reaching the detector is still present. In this readout 

s method filter means to seoarate stimulation and stimu- 
lated lignt may be necessary. 

Fig. 3 shows a second embodiment of a readout 
station using readout method according to the present 
Invention. After exposure to e.g. X-rays the photostlm- 
ulable phosphor sheet 1 is fed to the readout station. In 
the readout station a linear laser array line-wise stimu- 
lates the stimulabie phosphor sheet 1. 

The line-wise stimulation of the phosphor plate 1 
can be done by use of several light sources. The light 
source itself can be linear shaped or a suitable optical 
arrangement can be used to obtain a light line on the 
phosphor plate. This tan be done by use of e.g. fibre 
optics which can convert the light of a point-like light 
source into an elongated light line for stimulating the 

so phosphor. The stimulating light source oroviding the 
stimulating light for stimulating the phosphor can be any 
lamp, such as Tungsten Halogen Lamps, Mercury 
Lamps, Xenon Lamps and Sodium Lamps. This light 
source can also be an array of LED'e emitting blue 

*s (467nm), pure green (557nm), green (565nm), yellow 
(5S6nm), orange (610nm), red (660nm) or infrared 
(850nm) light. The light source can also be a laser such 
as Argon-ion, Krypton, frequency doubled and non fre- 
quency doubled Nd:YAG and diode lasers. 

so The readout of the stimulated fluorescence is don9 
by U66 of a photoconversion element which is a line sen- 
sor 23 comprising many solid state photosensitive ele- 
ments and where the sensor is positioned near the line 
of stimulation Stimulating light source 22 and the read- 

05 out device 23 can be placed at the same side of the 
phosphor or at the opposite side. One such readout de- 
vice is a linear CCD array The fluorescence causes 
charge build-up in the CCD elements which, after a suit- 
able integration time, is clocked out to a analog to digital 

40 converter. After readout of one line the phosphor or the 
readout arrangement is transported one line further by 
a transporting mechanism (not shown) in the direction 
of arrow 24 and a new readout cycle is started. Other 
linear sensors can be used. One such sensor is a elon- 

4B gated photomuitlpller having 8 line-like entrance win- 
dew. Instead of a light line scanning tne phosphor plate 
a dot scanning device such 83 a laser scanner can also 
be used. 

As readout is done in time- f esolved mode it is nec- 
50 essaty that the light source can be pulsed. Therefore it 
is advantageous to use for e.g a linear array ol laser 
diodes or leds which can be puisad directly by modulat- 
ing the driving current. 

For readout cycle of one line at (east one puis© ol 
55 predetermined length-Is given to stimulate the phosphor 
plate. After each puise a readout period is started. The 
charge build-up during the stimulating iight pulse is 
clocked out of the CCD afterwards and is not used for 
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image detection. Immediately after this the CCD is reset 
at the beginn ing of the readout oeriod and a new charge 
build-up phase is started to detect the stimulated light 
which is stil! oresent because of the decay of the phos- 
phor. The detection of the stimulated light is stopped just 
before a new readout cycle is started f or a new line. 
When the intensity of the emitted light becomes too 
small during readout of one line the sensed charges can 
be readout and a new stimulating pulse can be given to 
the same line whereafter a naw charge detecting cycle 
for the same area Is started. Doing so, a whole burst of 
stimulating pulses for readout of one lire is given while 
only the charges build-up in ? .he CCD in between the light 
pulses Is readout. In this way a better readout of the 
stored image is obtained. 

The charges readout in between the stimulating 
pulses are supplied to a signal processing section 25 
where a further processing can take place. Cne such 
method is the averaging of the different signals obtained 
resulting in a Defter signal to noise ratio. 

It is not necessary that the readout period falls to- 
tally outside the predetermined stimulating periods. Al- 
though the use of optical filters could be necessary to 
separate the stimulating and stimulaieo light it is possi- 
ble to provide a certain overlap of the stimulating pulse 
and the readout period. By doing this the Influence of 
she stimulating light is also less than when using a sys- 
tem having a continuous readout ano/or continuous 
stimulation. To obtain a good signal to noise ratio in this 
system detection of stimulation light by the CCD has to 
be avoided. Therefore colour filter means are preferably 
to be provided to prevent the stimulation light to reach 
the CCD. The colour filter means is disposed in the path 
between the piate and the CCD and has a certain thick- 
ness which affects the sharpness of The image. There- 
fore it Is preferable that the colour filter is as thin as pos- 
sible. A thin gelatine filter is preferred while it provides 
no adverse effect on the sharoness and has good filter- 
ing properties. 

Fig. 4 shows another embodiment according to the 
present invention. The photoelectric conversion means 
used in this embodiment is a two dimensional CCD sen- 
sor. In the light sensitive elements of the CCD charge 
build-up occurs relative to the receivad fluorescence 
light. Alternatively other two-dimensional sensors can 
be used. In this way a large number of pixels can be 
readout during the same readout cycle. 

A stored energy releasing phosphor plate 37 com- 
prising a LiTa0 3 :Tb 3+ phosphor as described in europe- 
an application EP 597 311 wnich is previously exposed 
in a x-ray apparatus (not shown) is readout in the read- 
out apparatus in a time resolving mods. The storage 
phosphor p'ate 37 is stimulated by a frequency doubled 
Nd:YAG laser (532nm) 36. 

A Fibre Optic Plate 39 guiding the stimulating light 
to the phosphor piate 37 is spreading the light of the 
stimulating light source. The Fibre Ootlc Plate 39 is 
placed in direct contact with tne ohcsohor layer 37 so 



that only these pixels are stimulated which will be read 
out. The light emitting ends of the fibre optic are eveniy 
distributed facing the phosphor plate . Therefore an 
equal light intensity is obtained during stimulation so 

* there is no need tor shading correction of the sensed 
signal in the image processing section. 

At the other side of the phosphor plate the Fibre Op- 
tic Plate 40 is In close contact with the stimulated area 
of the phosphor layer to obtain a good resolution and a 

*o good readout efficiency. The apparatus employing the 
method thus works in a transmittance mode, i.e. while 
the phosphor plate is exposed to stimulating light at one 
side, the detection of stimulated light is done at the op- 
posite side. In this embodiment the Fibre Optic Plate 
guiding the stimulated light is tapered so that the image 
is reduced in size. A reduction factor of 5:1 can be ob- 
tained. The collection efficiency of the Fibre Optic Plata 
itself can be as high as 80 %. There is virtually no loss 
of light between the phosphor iayer and the Fibre Optic 

20 Plate and between the Fibre Optic Plate and the CCD 
because these elements are in direct contact. The col- 
lection efficiency is about factor 4 higher than in a sys- 
tem using a laser scanner normally used for readout of 
storage phosphor plates. 

*s A shutter or a rotating wheel with a slit can be used 
to make the light source emit intermittently. The LED- 
array and diode laser can be puised directly by modu- 
lating the electric current. The Argon and Krypton lasers 
can also be modulated with an acousto-optic modulator, 
h Is clear that the used light sources are not restricted 
to diffraction limited light sources which is a further ad- 
vantage of the system. The pulse time of the frequency 
doubled Nd.YAG laser is preferably in the range of 1% 
to 30% of the decay time of the phosphor luminescence. 

ob The time between two pulses is preferably in the range 
of 1 to 3 times the decay time of the phosphor lumines- 
cence. 

The CCD 41 used In this embodiment is of a two- 
dimensional type. This means the photosensitive sites 

*g of the CCD form a matrix structure. In a first step the 
charges are accumulated in the elements wherein the 
charges correspond to the sensed stimulated light in- 
tensity of a fixed position on the phosphor plate. The 
readout of the charges out of the CCD can be done in 

*s a very short time. The charges are clocked out of the 
light sensitive area and are converted to the image sig- 
nal. The CCD can also be of the type comprising a trans- 
fer buffer 42. In this CCD sensor the charges are (simul- 
taneously) clocked into the light insensitive transferbuff- 

so er. The readout ol the charges out of the buffer can be 
conducted in a later stadium. During this readout phase 
the CCD need not to be kept stationary. 

By using the tapered fibre optics the total area that 
can be readout simultaneously can be made larger (e. 

« g,50 x 50 mm). Several pixels are read-out simultane- 
ously and transferring the data from the CCD to the sig- 
nal processing section 43 for mage processing takes 
only a few milliseconds. This ensures a high throughput 
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and allows the use of a photostimulable phosphor hav- 
ing a decay time in the range of 1 its to 300 ms without 
loss ol resolution as there is no movement of the CCD 
relative tot the plate. 

In the time resolving mode the charge build-up dur- 
ing the stimulating light pulse is clocked out of the CCD 
afterwards and 16 not used for image detection. Imme- 
diately after this the CCD is reset and start6 a new 
charge build-up phase to detect the stimulated light 
which is still present because or the decay of the phos- 
phor. 

When the intensity of the emitted light becomes too 
small the sensed charges can be readout and a new 
stimulating pulse can be given whereafter a new charge 
detecting cycle for the same area is started. Doing so, 
a whole burst of stimulating pui6es is given while only 
the charges build-up in the CCD in between the light 
pulses is readout. 

It Is clear that the same advantages as mentioned 
in the other embodiments still exist because the phos- 
phor can be stimulated with light having wavelengths 
shorten close or equal to the wavelengths of the emitted 
light even if no optical filter can be found to separate 
them. This problem is solved by measuring the emitted 
light immediately after turning off the stimulation light. 

The charges readout between the stimulating puls- 
es are supplied to a signal processing section where a 
further processing can take place One such method is 
the averaging of the different signals obtained resulting 
In a better signal to noise ratio. 

After signal acquisition of one area the ohosphor 
plate 37 or the readout arrangement is moved so that 
the next area can be read out. The stimulating light 
source is put off during movement. A new charge build- 
up/readout step is started at a new position after the 
photosensitive area of the CCD has been cleared by bin- 
ning the charges out of the CCD. 

After the whole plate is read out, the tmage signals 
are combined by the signal processing section. In order 
not to lose Information at the seams of the combined 
image : it may be advantageous to make the irradiated 
regions slightly overlap. The pixels that are read out 
twice give the information for the computer to adjust the 
position of every area. The final result is an electronic 
representation of the stored radiation image. When the 
total area of the phosphor plate can be imaged onto the 
CCD the plate their is no need to move the light source 
and CCD. It is obvious that by using several two dimen- 
sional detectors (CCDs) larger areas can be readout at 
the same time. 
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ing a stimuiable phosphor having a stimulating 
wavelength range to said radiation image, 
thereby recording said radiation image on said 
phosphor plate, 

$ • stimulating said stimuiable phosphor plate with 
stimulating light having a wavelength within 
said stimulating wavelength range of said stim- 
uiable phosphor during at least one stimulation 
time period causing said stimuiable phosphor 

'0 sheet to emit stimulated light , 

detecting said stimulated light emitted by said 
stimuiable phosphor plate by use of a photoe- 
lectric conversion means during at least one re- 
adout time period, 

16 - converting the detected stimulated light into 
said electrical signal representation. 

characterised In that at leas: one of said readout 
time periods lies at least partially outside said stim- 
*0 ulatbn time period(s). 

2. Method according to claim 1 wherein at seast one 
of said readout time perbd(s) lies totally outside 
said stimulation time periods. 

ss 

3. Method according to any of the preceding claims, 
wherein said stimulation of said stimuiable phos- 
phor plate is done by pulsed light. 

so 4. Method according to any of the preceding claims 
wherein said stimulation of said phosphor plate is 
done using a laser scanner 

5. Method according to any of the preceding claims 
35 where said photoelectric conversion means is a line 
sensor 

8. Method according to any of the preceding claims 
where said photoelectric conversion means is a two 
& dimensional matrix sensor. 

7. Method according claim 1 where 6atd photoelectric 
conversion means is a CCD sensor. 

45 
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Claims 

1. Method of obtaining an electrical representation of 55 
a radiation Image comprising the steps of : 

- exposing a stimuiable phosphor plate compris- 
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